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INTRODUCTION
This report contains Tasks 1-5 of the Coastal Zone Management program
at the Florida Marine Research Institute. Tasks 1 work products focus on a
project that relates potential environmental stresses (i.e., sediment,

of
light) to physiological correlates*Thalassia testudinum. This work comple-

ments previous CZM work that identified environmental stress and loss of
seagrass habitat as a major problem in long term resource management. Task
2 work products are centered around the development of the Marine Resource
Geographic Information Systems (MRGIS) and the dissemination of both
digital and hard copy data into the user community. A focus of this Task
has been the development of a detailed GIS database for the Little Manatee
River Watershed. Task 3 work products are based on the goal to link and
quantify the relationship between fisheries species to estuarine habitats.
A major effort, linked to Task 2, to study distribution of fishes in the
Little Manatee River has been initiated in this Task. Task 4 concludes the
goal of defining population dynamics of juvenile snook and red drum in a
specific and quantifiable estuarine habitat to understand the complexities
of population size, growth, morfality, immigration, and emigration. These
four tasks now represent a major thrust of the Florida Marine Research
Institute to develop techniques and provide information to more effectively
manage our marine resources.

Since sound information on habitat quantity, location, and importance
to Florida's fisheries and non-game résources has never been addressed with
a methodical, holistic approach, this type of information has not been
available to the researcher or resource manager. Although much of what we
are doing will require long term database development, the preliminary

information has been and continues to be requested by agencies, planners,



and researchers. We expect this program to grow and the knowledge gained
to be of critical importance to the future of our coastal natural
resources.

Task 5 is providing the vehicle to get our information and project
results to the general public.' The most effective approach to resource
management is by an informed pﬁblic guiding the governmental processes. By
providing factual non-technical information to the public, they can make
better decisions when facing tough issues regarding our marine environment.
Through brochures, presentations and other forms of media, we are accomp-
lishing these goals and the results can only be positive for Florida's

future.



TASK 1 COMPLETION REPORT: PHYSIOLOGICAL AND STRUCTURAL CORRELATES
OF STRESS IN THATLASSIA TESTUDINUM IN FOUR FLORIDA ESTUARIES.
P. R. Carlson, W. B. Sargent, L. A. Yarbro, and H. A. Arnold.

INTRODUCTION

Seagrasses are distributed worldwide in shallow subtidal
environments along coasts and within estuaries. Seagrass meadows
provide important juvenile and adult habitat for hundreds of fish
and invertebrate species, many of which contribute to commercial
or sport fisheries. The complex food webs of seagrass meadows are
based in part on the productivity of the seagrasses themselves and
partly on the productivity of epiphytic and epipelic algae.

Human development of estuarine shorelines has coincided,
worldwide, with areal declines in seagrass beds and submerged
aquatic vegetation. Dramatic losses of aquatic macrophytes have
occurred in West Australia, the Caribbean, Europe, and the
continental United States. 1In the past 50 years, extensive
declines of seagrass beds have been documented in the Northeast
United States, Chesapeake Bay, and Florida. A re-examination of
the so-called "wasting disease" which decimated East Coast Zostera
marina beds in the 1940's suggests that the fungal pathogen which
was blamed for the disease may have opportunistically attacked
seagrass populations stressed by anthropogenic and natural
factors.

The decline of seagrasses in Florida has occurred at an alarming
rate. As much as 80% of the seagrass present in Tampa Bay in 1886
has been lost. While some seagrass area has been lost directly to
dredge and fill, much of the loss has been due to gradual "die-
back' of seagrass beds in response to poorly-understood stresses.
We use the term "die-back' to describe the gradual decrease in
size, density, and productivity of seagrass beds. For reasons
which are not clear, turtle grass, Thalassia testudinum is more
susceptible to die~back than the other two seagrass species
(Halodule wrightii and Syringodium filiforme).

Previous research by DNR personnel, funded by the CZM program has
documented seagrass losses in Tampa Bay, Charlotte Harbor, and the
Indian River. Areal declines in seagrass beds have been estimated
at one third for Charlotte Harbor and one half for Tampa Bay for
the 40 years prior to 1982. Seagrass losses have also occurred in
the Indian River lagoon.

The mechanism most frequently suggested as the cause of seagrass
die-back is decreased productivity due to shading. Shading, in
turn, may result from sediment resuspension, phytoplankton bloons,
or epiphyte growth. All of these processes, in turn, may be
accelerated or exacerbated by human activity, perhaps explaining
the anthropogenic contribution to seagrass dieback.



We have previously tested the effects of shading on Thalassia
growth and found that reduction of ambient light levels over a
shallow seagrass bed resulted, in less than one month, in
decreased blade width, blade length, blade number, and shoot
density. These shading responses occurred in spite of light in
excess of 4 to 8 times the reported compensation value, the light
intensity at which photosynthesis is sufficient only to meet the
respiratory needs of the plant, suggesting that synergistic
stressors may contribute to seagrass die-back.

Subsequent research in our laboratory, funded by the CZM program
has focused on the causes and etiology of seagrass die-back
processes, based on the underlying hypothesis that natural and
anthropogenic stressors, such as shading, cause seagrass die-back
by induction of hypoxia (ie. suffocation) or sulfide toxicity in
roots or rhizomes. By this mechanism, die-~back might occur at
light levels that appear sufficient to support Thalassia growth
when roots or rhizomes are deprived of photosynthetically-produced
oxXygen necessary to maintain an aerobic rhizosphere in anaerobic,
reducing sediments.

The phenomena of hypoxic stress and sulfide toxicity have been
demonstrated in terrestrial and wetland plant species. Spartina
alterniflora, the salt marsh cordgrass, frequently experiences
hypoxic episodes, and hypoxia may be responsible for the extensive
die-back of Louisiana salt marshes. Sulfide toxicity is known to
reduce yields and kill rice plants at concentrations far less than
those typically found in seagrass sediments. Stable sulfur
isotope analyses of Spartina tissue indicates that sediment
sulfide enters Spartina roots by diffusion or mass flux.

Last year, CZM-funded research last year examined the
susceptibility of Thalassia to sulfide toxicity. Clumps of plants
collected from natural seagrass beds were grown in pots containing
perfusers to manipulate sediment sulfide concentrations. We were
surprised to find no significant inhibition of growth by high
sulfide concentrations. Stable sulfur isotope analyses of
Thalassia tissue from this experiment and natural populations
indicate that sulfide is taken up by seagrasses and that Thalassia
populations with the strongest sediment sulfide isotope "signal"
in their tissue are often more vigorous than populations with a
less pronounced contribution from sediment sulfide. We conclude
that healthy Thalassia can effectively detoxify sulfide.

Terrestrial plant species are often classified as flood-tolerant
or intolerant, depending on their ability to survive inundation
and hypoxia. Flood-tolerant species possess physiological

adaptations enabling them to continue ATP production in the

absence of oxygen. Most adaptations result in the accumulation of
glycolytic end-products in compounds which are not toxic and can
be introduced into the respiratory Krebs cycle when oxygen again
becomes available. Malate and the amino acid alanine are common
hypoxic metabolites in flood-tolerant species. Under hypoxic

conditions, flood-intolerant species frequently produce ethanol



which is auto-toxic and cannot be recycled for resplratlon. The
complex evolutionary history of seagrasses in the family

Hydrocharitaceae offers no insight into their hypoxic adaptations.

OBJECTIVES

The primary objective of this study was to identify physiological
correlates of chronic stress in Thalassia testudinum that might be
useful as diagnostic indicators of populations "at risk" of die-
back. Secondary objectives included the following:

1. to select several sites in three estuaries (Tampa Bay,
Charlotte Harbor, and Indian River) to reflect gradients in
environmental parameters such as salinity, nutrient inputs, and
turbidity which might result in hypoxic and sulfide stresses.

2. to measure hydrographic and sedimentary characteristics which

might characterize the capacity for hypoxic and sulfide stress at
each site.

3. to measure a suite of structural and physiological parameters
in Thalassia tissue from each site.

4. to test the utility of the enzyme, alcohol dehydrogenase, as a
stress indicator in Thalassia.

METHODS

Field sampling- Ten sites in three estuaries were selected during
preliminary sampling in November and December, 1987 (Figure 1).
These sites were sampled first in May 1988 under conditions we
assumed to be near optimal for seagrass growth: clear skies,
minimal rainfall, and moderate water temperatures. The same sites
were sampled again in August under poor environmental conditions:
lowered salinity, higher water temperatures.

In early June, 1988, we learned of a massive Thalassia die-back of
which had occurred in Florida Bay near Flamingo. Because the die-
back episode seemed an ideal opportunity to test the validity of
our physiological stress indices, we sampled one die-back area in
the vicinity of Johnson Key on June 29 and 30, 1988.
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FIGURE 1. LOCATION OF SEAGRASS STUDY SITES.
A. Tampa Bay: CON= Control site, SEW= Sewage site, and

STR= Stress site,

B. Charlotte Harbor: CAT= Catfish Creek, CHI= Cape

Haze, and SFY= Sandfly Key.

' C. Indian River: RND= Round Island, RMP= Boot Bay, and

JIM= Jim Island.
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Profiles of photosynthetically-active radiation (PAR) were
measured at each site on both sampling dates with LI-COR flat (2
pi) and spherical (4 pi) sensors. Vertical extinction
coefficients were used to compare light attenuation
characteristics of the water column at each site in spring and
summer. Coefficients (k) were calculated from the expression

Lz = Lguyrg X © k2
where L, is the light measured at depth z, Lg,,f is the light
measured at the surface of the water, and z is the depth measured
in meters. K was estimated for each light profile by linear
regression of the natural logarithm of L, divided by the natural
log of Lgy,¢f a@gainst depth (z).

Four porous teflon samplers were purged with helium and inserted
into the sediments at each site to collect pore water for
dissolved sulfide analysis. Pore water samples were collected in
syringes 1-12 hours after the samplers were set out. Pore water
samples for sulfide analysis were preserved with a sulfide anti-
oxidant buffer (SAOB).

Sediment cores collected for sediment sulfide analysis were
preserved with an equal volume of zinc hydroxide (0.1 M) or SAOB.
Sediment samples for sediment oxygen demand measurements were
collected with piston corer (2.7 cm diameter x 15 cm long. The
piston was withdrawn after sampling, and the core was stored in
the open corer barrel. The surface floc layer of each core was
carefully preserved, and a layer of seawater was kept on top of
the core at all times to prevent oxidation of this sediment.

At each site, four replicate quadrat frames (0.04 m2) were placed
on the bottom, and all the Thalassia shoots within each quadrat
were marked. A syringe needle (19 ga. or 22 ga.) was jabbed
through each shoot 1-2 cm above the sediment surface. Shoots from
each gquadrat were harvested 6-12 days later, and the growth of
each blade in each marked shoot was determined by the distance
between the needle mark on each blade and the needle mark on the
outermost (=oldest) blade.

Samples for physiological analyses were collected at mid-day and
just before dawn the following day at each site in May and August.
Rhizome gas samples were collected by vacuum extraction of rhizome
segments in glass syringes purged with helium gas. Gas samples

were transferred to 2.5 ml glass syringes, which were capped and
stored in deionized water at 2°C until analysis. Rhizome tissue
for analysis of hypoxic metabolites was cut into small pieces and
dropped into 15-ml, polypropylene, centrifuge tubes containing

cold, 8% perchloric acid. The tubes were capped and immersed in

liquid nitrogen. Once frozen, the tubes were transferred to a dry
ice cooler. Tissue samples for enzyme and amino acid analysis

were placed in zip-loc bags and stored on dry ice.



Laboratory Methods-

Sediment oxygen demand measurements were made within 24 hours of
sampling. The top 2 cm of each core was placed in an opaque 300 ml
B.0.D. bottle filed with clean seawater adjusted to the salinity
of individual collection sites and incubated at field
temperatures. Dissolved oxygen concentrations were monitored for
five hours: measurements taken at 0, 1, 2, 5, and 10 minutes
elapsed time represented chemical oxygen demand of the sediment,
while measurements taken at 60, 90, 120, 240, and 300 minutes
represented biological oxygen demand. Dissolved oxygen
concentrations of the slurry were regressed against elapsed time
to compute oxygen consumption rates.

Pore water and sediment sulfide concentrations were measured with
an ion-specific sulfide electrode (Orion Corp.). The electrode
was calibrated daily with a three-decade standard curve of sulfide
solutions in SAOB, ranging from 10 mM to 10uM. The standard stock
was titrated with 0.1 M PbClO,.

Rhizome gas samples were analyzed using a Carle 311 gas
chromatograph with a two-valve, two-column configuration for the
determination of permanent and light hydrocarbon gases on the same
sample. Most samples were analyzed by direct injection, however
water vapor contamination made on-~column injection tedious. We
solved the contamination problem by injecting later samples into a
valved sample loop containing silica gel (20-40 mesh). A helium
carrier flow rate of 30 ml min™}, a column temperature of 70 °cC,
and a thermal conductivity detector were used for gas analysis.
Peaks were quantified with a Spectraphysics 4270 integrator.

Anino acid samples were freeze-dried, ground to pass a 20 mesh
screen, and frozen until analysis. Amino acid analyses were

performed by Mr. Steve Benford of the USF pediatrics laboratory,
using an AminoStat high pressure liquid chromatography system.
Individual amino acids were detected by fluorescence with o-

phthaldehyde.

Determination of Alcohol Dehydrogenase (EC 1.1.1.1)

Extraction and assay of alcohol dehydrogenase (ADH) activity were
optimized by using known additions of standard yeast ADH (Sigma
Chem. Co.) during every step of the method and determining the
optimum pH, buffer concentrations and components and
homogenization procedures. Three tissue homogenization techniques
were investigated (Table 1): 1) grinding in cold extraction
buffer with a Tekmar tissumizer; 2) grinding samples in liquid
nitrogen (LN2) with a mortar and pestle, followed by adding 5 ml
of extraction buffer to the frozen powder and further
homogenization; and 3) grinding of freeze-dried tissues in LN2 in
mortar and pestle, followed by adding extraction buffer to the
frozen powder and further homogenization. The extraction buffer



consisted of 100 mM Tris (pH 7.3), 5 mM MgCl2, 40 mM 2-
mercaptoethanol and 5% polyvinyl-polypyrrolidone (PVPP). 2-
mercaptoethanol stabilizes the sulfhydryl linkages found in the
enzyme and PVPP eliminates the inhibitory effects of endogenous
phenols. The second technique gave the best results, although
problems with standard enzyme inhibition at some sites continued
to be a problen.

After grinding, samples were centrifuged at 12,000 rpm (2 C) for
20 minutes, and the supernatants were assayed immediately. All
extracts were kept at 2 C until assayed. The assay was conducted
spectrophotometrically at 340 nm using the following reaction
mixture in a 1 cm cuvette (3.0 ml total volume): 2.8 mls
containing 5.4 mM MgCl2, 0.26 mM NADH, and 0.40 mM acetaldehyde in
14 mM Tris buffer (pH 8.0) to which 0.2 ml of sample extract was
added. The reaction was recorded for four minutes and the glope (
abs/min) was calculated. Activity (umol min_lg fresh wt"l) was
calculated as:

Activity = A Vol
— X DF X —m . x 1000 where
E fresh wt
A change in absorbance per minute

E molar absorptivity coefficient, 6.22 x 1000
DF = dilution factor, 3.0 ml reaction
0.2 ml sample extract
Vol = total volume of extract, 5.5 mls
Fresh wt = weight of tissue homogenized

Despite efforts to optimize the assay, some sites (e.g., the
sewage site in Tampa Bay) consistently demonstrated inhibition of
known amounts of standard ADH added during grinding and
extraction. pH of the extract and reaction mixtures were checked
and optimized. Desalting and removal of metal ions by ammonium
sulfate precipitation of the enzyme (using a 60% of saturation
solution), followed by re-solution of the enzyme in extraction
buffer did not eliminate the inhibition problem. The inhibition
might be caused by a hitherto undiscovered contaminant or by
proteases present within the rhizome tissue which destroy ADH
during the grinding process. Further optimization efforts will
include 1) the substitution of Tricine for Tris in the extraction
and reaction buffers, because in some cases Tris is inhibitory to
some plant enzyme systems; 2) reduction of the 2-mercaptoethanol
concentration to 15 mM in the extraction buffer; and 3) possibly
the use of a protease inhibitor added during grinding and
extraction.



RESULTS AND DISCUSSION

Hydrodgraphic and Sedimentological Characteristics of Study Sites-
The summary table of hydrographic cbservations at the study sites
(Table 2) does not reflect the full magnitude of difference
between spring and summer conditions at most sites. Water
temperatures at Tampa Bay sites varied only slightly between
spring and summer samples, although Charlotte Harbor and Indian
River water temperatures were approximately 5° C higher than
spring values. Only Cape Haze and Round Island sites showed summer
salinity decreases despite rainfall values in June, July, and
August near long-term average values. Dissolved oxygen
concentrations in both spring and summer were supersaturated at
all sites. Dissolved oxygen concentrations at night were
considerably lower in summer than in spring. Dissolved oxygen
levels at night decreased on ebb tides and increased on flood
tides. Reaeration by wind and wave action raised night-time
values over quiescent values.

Vertical extinction coefficients of PAR showed a pronounced
seasonal difference at several sites (Table 3), although the
direction of oxygen change (increase or decrease) varied, even at
the same site, depending on the sensor used. Only at the Cape Haze
site could light possibly have been considered limiting to
seagrass photosynthesis.

Pore water sulfide concentrations were highly variable within a

given site and among sites (Table 4), ranging from 32uM, at Cape
Haze during August, to over 2000uM at the Florida Bay die~back

site. Overall, concentrations appeared lowest in the Indian River,
intermediate in Tampa Bay, higher in Charlotte Harbor and highest
in Florida Bay.

Sediment sulfide concentrations ranged from 0.92 to 3.14
micromoles sulfide per cubic centimeter of mud (Table 4). Overall
values were highest in the Indian River, lower in Charlotte
Harbor, lower still in Florida Bay, and lowest in Tampa Bay. The
fraction of total sulfide comprised by dissolved sulfide was
lowest in the Indian River (2-5%), higher in Charlotte Harbor (2-
10%), higher still in Tampa Bay (11-21%), and highest in Florida
Bay (58-108%). We felt the abundance of sediment sulfide and the
dissolved fraction of total sulfide reflected the interaction of
pH and the abundance of ion-bearing fine sediment and silt. In the
calcium carbonate-rich seiments of Florida Bay, there was little
ion available to bind dissolved sulfide. In the Indian River, fine
silt was imported from upland drainage canals and settled in
seagrass beds, as a result the standing stocks of particulate
sediment in the Indian River were high.

Sediment oxygen demand rates varied among sites (Table 5), with
most of the variation derived from chemical oxygen demand (COD)
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rather than biological oxygen demand (BOD) as COD exceeded BOD
values by 10 to 24 times. Summer COD values were higher than

spring COD values at all sites. Overall COD rates were highest in
Indian River sediments, lower in Charlotte Harbor, and lowest in
Tampa Bay sediments - the same trend observed in sediment sulfide
concentrations. BOD values were much lower and more consistent
than COD values. No seasonal changes in BOD values were noted.

Values overall ranged from a minimum of 0.18 to 0.43, without

pattern among estuaries.

Structural Attributes and Growth Rates of Thalassia- varied with
season, estuary, and site. In the spring, blade widths at most
sites ranged from 7.1 to 8.6 mm, with exception of Cape Haze in
Charlotte Harbor, where blade widths ranged from 3.9 to 4.9 mm
(Table 6). The thinning of Thalassia blades in response to lower
salinity has been well documented and was probably responsible for
the slender blades at Cape Haze. Indian River blade widths
decreased markedly between spring and summer collections, while
blade widths at other sites changed little.

Mean blade length and maximum blade length at most sites increased
between spring to summer collections. Blades typically were
longest at Tampa Bay sites, intermediate at Charlotte Harbor
sites, and lowest in the Indian River. Decreases in both maximum
and mean blade length were measured at the Jim Island site in the
Indian River. This site was virtually denuded of Thalassia before
the August sample was taken, apparently as the result of
hyperthermia, dessication, or freshwater runoff from Taylor Creek
(C-25). Summer low tides in the Indian River frequently exposed
seagrass beds to high temperatures and dessication, but the exact
cause of stress at Jim Island was not readily apparent.

The percent of green leaf area at all sites ranged from 60% to 35%
(Table 7), increasing between spring and summer colllections at
most sites. Shoot densities were highest at Charlotte Harbor

sites and low to moderate at Tampa Bay and Indian River sites.

Leaf area indices at all sites ranged from 3.9 to 27.5 in spring
collections and 1.8 to 11.1 in summer collections (Table 8). Green
leaf area comprised from 30% to 75% of total leaf area in spring
and 50% to 70% of total leaf area in the summer.

Summer growth rates of new blades in Charlotte Harbor and Tampa
Bay were considerably higher than spring growth rates (Table 9).
Growth rates at all Indian River sites declined between spring and
summer, however. Seasonal trends in Thalassia were even more
pronounced when whole-shoot growth rates were examined (Table 10).
Surprisingly, both new-blade and whole-shoot growth rates were
highest in Tampa Bay sites.

Comparison of environmental data and anatomical and growth rate
measurements for all of our sites revealed a seasonal continuum of
synergistic stresses. Thalassia appeared to be well adapted to
chronic environmental stresses. Against the background of




constant stress, episodes of acute stress may have caused
mortality or the duration and intensity of chronic stress may have
exceed the survival threshold of the plant.

Rhizome Gas Analyses-showed pronounced diurnal, seasonal, and site
differences in the concentrations of gaseous oxygen in rhizome
aerenchyma (Table 11). Mid-day oxygen concentrations ranged from
27.5% to 42.3% in the spring. Summer values were lower than spring
values at most sites, ranging from 15.8% to 38%. Late-night
values were low at most sites during spring and summer, indicating
that episodes of anoxia and hypoxic stress probably occurred
frequently.

Diurnal measurements of rhizome oxygen concentrations at three
sites in Tampa Bay (Table 12) provided a more complete record of
seasonal and diurnal variations. Maximum oxygen concentrations
typically occurred between 3 pm and 6 pm, while minimum
concentrations occurred between 3 am and 6 an.

Standing Stocks of Amino Acids in Thalassia Rhizomes- are
presented for 16 major acids in Table 13 a-h. We expected to see
a strong diurnal fluctuation in the abundance of four amino acids
(glutamic acid, glutamine, gamma amino butyric acid (GABA), and
alanine) which have been identified as hypoxic metabolites in the
seagrass Zostera marina. Analyses of variance (Table 14 B)
indicated that glutamic acid and glutamine both showed a diurnal
variation which was statistically signficant. However, the
standing stocks of glutamic acid and glutamine (Table 13 a.)
showed no clear diurnal pattern. Alanine and glutamic acid also
showed a significant seasonal effect, while alanine, glutamic
acid, and glutamine showed a strong estuary effect. The variation
of these three amino acids among estuaries was shown further in
Table 14 a. Values of all three acids were typically lowest in
Florida Bay samples, intermediate in Charlotte Harbor rhizomes,
and highest in Tampa Bay and Indian River samples. Seasonal
variations of amino acids in Thalassia rhizomes at three Tampa Bay
sites were presented in Table 15. Our analysis of amino acid data
was incomplete at that point, but glutamic acid, glutamine,
alanine, aspartic acid, ornithine, arginine, and proline warranted
further study.

Alcohol Dehydrogenase Activity- Data describing the activity of
alcohol dehydrogenase in Thalassia rhizomes were incomplete (Table
16) because of methodological problems discussed earlier.
However, data were available for sites in all three estuaries and,
in general, varied around 1 umol min~! g fresh wt.”l, These
values were lower than most comparable data found in the
literature for roots of seagrass and wetland plants and might
possibly have reflected basic differences in activity between
tissue types.

In Tampa Bay in May and June, lowest activities were found at the
stress or sewage sites and highest activities were at the control
site. However, most sewage samples demonstrated inhibition of



added ADH standard, eliminating most data from this site.

In Charlotte Harbor in August, lowest activities were observed at
Sandfly and Cape Haze and highest activities were at Catfish. No
day to night trends were observed. Data from the Indian River in
August were similar to values found at Charlotte Harbor sites.

Jim Island had highest activities whereas Round Island and Boat
Ramp rhizomes had considerably lower activities. No consistent
trends from day to night were observed.

Further analysis will fill out the missing data, eliminate the
inhibition problem, convert the units of enzyme activity to an
expression based on the milligrams of protein present in the
rhizome, and investigate the relative activities in roots versus
rhizomes.

SUMMARY AND CONCLUSIONS

In the absence of persistent and severe events, hydrographic and
sedimentological characteristics of a given site are poor

indicators of seagrass stress or vigor. We found Thalassia

surviving, and even flourishing, in areas with widely varying

sediment sulfide, COD, and BOD levels. At only one site (Cape
Haze), was light attenuation sufficiently great to stress

Thalassia. The Boat Ramp and Jim Island sites were severely

stressed by tidal emersion, hyperthermia, or rapid salinity

changes. The exact cause of stress could not be determined

without more extensive monitoring.

While structural parameters of Thalassia, such as leaf length and
shoot density, are not useful as stress indices per se, they do
describe the standing stock of the community. Thalassia standing
stocks may, in turn, influence the carrying capacity of fish and
shellfish species. Structural parameters may be useful in
diagnosing stress only when a long-term database is available for
a given site.

Productivity of new Thalassia leaf tissue, measured by the leaf
marking technique, is probably the best measure of stand
productivity and vigor. When summer blade elongation rates (Table
10) are multiplied by the shoot densities for each site (Table 7),
the sites are ranked in the following (descending) order of vigor:
Sandfly Key, Catfish Creek, Control Site, Stress Site, Sewage
Site, Round Island, Cape Haze, Boat Ramp, and Jim Island. With the
exception of the low ranking assigned to the Cape Haze site, this
index coincides with our subjective impressions of vigor. While
the productivity of the Cape Haze site is low, the community is
well established and gives no indication of die-back.

The enzyme, alcohol dehydrogenase, shows promise as an indicator
of hypoxic stress. Highest activities measured in this study
occurred at the Jim Island site after its die-back in August.
Sandfly Key and Catfish Creek have relatively high levels despite
their high productivity, perhaps indicating their susceptibility



to hypoxia and sulfide stress. Stands with lower productivity and
lower stand densities may actually have a lower susceptibility to
hypoxia and sulfide stress.

The most promising physiological stress indices are the amino
acids glutamic acid, glutamine, alanine, aspartic acid, ornithine,
and arginine. Glutamic acid concentrations, in particular, show
signficant diurnal variations (Table 14 b). Both glutamic acid
and alanine vary significantly among estuaries and between
seasons. These acids may well comprise non-toxic, hypoxic,
metabolites. The value of these stress indices will be tested
next year by experimentally stressing populations of Thalassia and
monitoring changes in the concentrations of these key amino acids
and the enzyme, alcohol dehydrogenase.
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Table 1. Effects of Handling Techniques on the Activity of
Standard ADH.

[+

% Loss in
Technique Activity (umol min-1) Activity

Treatment Control

A. Grinding with
Tissumizer
Standard ADH 1.03 1.53 33

B. Grinding in LN2
with mortar and
pestle
Standard ADH 1.60 1.57 -2

C. Freeze-drying, then
grinding in LN2 with
mortar and pestle
Rhizome samples:
1. stress-day
24 May 1988 0.48 0.64 25

2, control-day
24 May 1988 0.20 0.25 20

D. Desalting with
Ammonium Sulfate
Standard ADH 1.50 1.50 0

Recovery of standard
ADH added to sample 0.43 0.49 12




TABLE 2: HYDROGRAPHIC CHARACTERISTICS OF SEAGRASS STRESS STUDY SITES. Spring sampling performed

May 4, 1988 in Charlotte Harbor, May 24 in Tampa Bay, and May 11 in Indian River. Summer samples
collected August 1 in Indian River, August 10 in Charlotte Harbor, and August 30 in Tampa Bay.

Florida Bay samples collected June 29, 1988.

WATER TEMPERATURE (°cC) SALINITY (PPT) DISSOLVED OXYGEN (PPM)
SPRING SUMMER SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT
TAMPA BAY
Control Site 29.9 28.3 30.8 29.7 35 35 32 32 7.98 4.93 7.36 3.25
Stress Site 29.2 29.9 30.8 29.4 35 35 32 32 6.68 9.77 13.43 1.39 o
Sewage Site 29.4 29.2 30.0 29.7 35 35 32 32 8.28 5.94 6.22 3.30 s
CHARLOTTE HARBOR
- Catfish Creek 24.1 23.6 31.9 30.7 33 33 34 34 8.84 4.94 8.00 3.76
Sandfly Key 25.4 23.7 33.0 30.0 - 32 33 31 7.70 6.64 10.27 2.17
Cape Haze 26.2 23.3 31.9 28.1 25 23 21 21 12.32 5.84 7.61 5.35
INDIAN RIVER
Jim Island 26.4 23.8 31.4 27.8 35 35 33 33 9.60 4.94 9.13 3.76
Boat Ramp 26.2 23.9 31.4 28.3 34 35 33 33 10.24 4.92 9.13 5.00
Round Island 26.9 23.8 31.5 28.4 32 32 26 25 10.30 3.48 8.34 0.93
FILORIDA BAY -

Johnson Key - - 32.3 30.6 - - 32 32 - - 7.47 4.74




TABLE 3: VERTICAL EXTINCTION COEFFICIENTS OF PHOTOSYNTHETICALLY -
ACTIVE RADIATION MEASURED AT SEAGRASS STRESS STUDY SITES.

Labelled "2 pi" were measured with a flat sensor.
"4 pi" were measured with a spherical sensor.

Values
Values labelled

SITE WINTER/SPRING SUMMER
2 pi 4 pi 2 pi 4 pi

Tampa Bay

Control Site 0.102 - - -

Stress Site 0.129 0.117 - -

Sewage Site 0.120 0.110 - -
Charlotte Harbor

Catfish Creek 0.143 0.134 0.134 0.102

Sandfly Key 0.164 0.121 0.144 -

Cape Haze 0.213 0.258 0.349 0.362

Cape Haze Bar - - 0.387 0.382
Indian River

Jim Island 0.193 0.227 0.119 0.145

Boat Ramp 0.111 0.245 6.207 0.067

Round Island 0.028 0.004 0.316 0.266




TABLE 4:

SEAGRASS STRESS STUDY SITES.

PORE WATER AND SEDIMENT SULFIDE CONCENTRATIONS AT
Spring pore water and sediment

sulfide data are means (std.) of 4 replicate samples, summer

data are based 8 replicates.
POCRE WATER SULFIDE (uM) SEDIMENT SULFIDE
SITE SPRING SUMMER (umoles/cm3)
TAMPA BAY
Control site - 122 (23) 0.92 (0.12)
Sewage site - - 1.35 (0.39)
Stress site - 333 (70) 1.29 (0.31)
Charlotte Harbor
catfish Creek 255 (188) 228 (139) 2.02 (0.62)
Sandfly Key 89 (110) 279 (139) 2.16 (0.32)
Cape Haze 266 (132) 32 (14) 1.40 (0.26)
Indian River
Jim Island 90 (52) 64 (60) 2.78 (0.30)
Boat Ramp 36 (16) 123 (68) 3.14 (0.09)
Round Island 122 (51) 158 (89) 2.59 (0.17)
Florida Bay
Dieback Site - 2143 (664) 1.58 (0.54)
Healthy Site - 1321 (1321) 1.84 (0.74)




TABLE 5. SEDIMENT OXYGEN DEMAND RATES MEASURED AT SEAGRASS STRESS STUDY SITES. Units of chemical
oxygen demand (COD) and biological oxygen demand (BOD) are mg O,/liter/hour/100 cubic
centimeters sediment.

SPRING SUMMER
Ccob BOD COD . BOD
SITE Estimate (S.E.) Estimate (S.E.) Estimate (S.E.) Estimate (S.E.
TAMPA BAY
Control Site : 3.87 (0.32) 0.38 (0.03) 6.82 (0.35) 0.43 (0.07)
Sewage Site 3.93 (0.77) 0.35 (0.04) 4,54 (0.85) 0.31 (0.07)
Stress Site 5.62 (0.38) 0.41 (0.03) 6.94 (0.89) 0.33 (0.07)
INDIAN RIVER
Boat Ramp Site 8.61 (1.46) 0.28 (0.08) 13.14 (0.77) 0.18 (0.03)
Jim Island 7.70 (0.98) 0.33 (0.06) 11.74 (1.13) 0.25 (0.086)
Round Island 5.42 (0.58) 0.35 (0.05) 9.42 (0.90) 0.26 (0.15)
CHARIOTTE HARBOR
catfish Creek 5.43 (0.40) 0.38 (0.04) 7.30 (0.57) 0.39 (0.07)
Cape Haze 5.19 (0.92) 0.39 (0.06) 6.02 (1.13) 0.42 (0.07)
Sandfly Key 4.54 (0.54) 0.35 (0.07) 7.39 (0.53) 0.35 (0.04)
FIORIDA BAY
Healthy Site 1.31 (0.65) 0.22 (0.03)

Die-Back Site 2.28 (0.53) 0.23 (0.02)




-t

TABLE 6. DIMENSIONS OF THATASSIA BLADES AT SEAGRASS STRESS STUDY SITES. Data are mean values
(standard deviation) calculated from 20 to 100 observations. Mean and maximum blade
- length values are expressed on a per shoot basis.

MEAN BLADE WIDTH (mm) MEAN BLADE LENGTH (cm) MAXTMUM BLADE LENGTH (cm)

SITE SPRING SUMMER SPRING SUMMER SPRING SUMMER
Tampa Bay

Control Site —— 8.4(1.6) —_—— 31.6(21.3) ———— 51.7(16.7)

Sewage Site 7.7(1.2) 7.8(1.5) 31.5(17.9) 35.3(22.2) 45.8(12.1) 54.1(14.5)

Stress Site 8.1(2.4) 8.0(1.6) 29.7(14.6) 38.3(22.5) 41.4(10.2) 57.9(14.9)
Indian River

Boat Ramp 7.1(0.4) 6.5(0.3) 15.5(8.7) 16.6(7.7) 23.6(6.4) 24.1(5.1)

Jim Island 7.5(0.6) 6.0(1.1) 28.4(18.2) 9.9(3.5) 44.3(11.0) 12.7(3.2)
- Round Island 7.1(0.8) 6.9(1.0) 17.5(9.1) 19.5(10.5) 30.7(6.0) 30.7(4.8)
Charlotte Harbor

Catfish Creek 7.2(0.9) 6.9(1.3) 18.5(7.5) 20.1(9.3) 26.3(4.6) 29.1(3.4)

Cape Haze In 4.9(0.7) 5.5(0.7) 14.3(7.5) 20.8(10.5) 21.5(4.5) 29.4(7.2)

Cape Haze Out 3.9(0.7) 5.1(0.7) 16.0(6.9) 27.8(15.2) 23.5(4.5) 43.5(9.6)

Sandfly Key 8.6(0.9) 8.2(1.1) 23.1(10.2) 26.5(15.4) 32.3(6.9) 41.9(8.4)
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TABLE 7. THALASSIA SHOOT AND BLADE CHARACTERISTICS AT SEAGRASS STRESS STUDY SITES.
Data are means (standard deviation).

GREEN AND EPIPHYTIZED AREA (%) SHOOT DENSITY (M~2)
SPRING SUMMER SPRING SUMMER
SITE GREEN EPIPHYTES GREEN EPIPHYTES
Tampa Bay
Control Site - - 50(6) 36(29) ——— 44
Sewage Site 59(15) 24 (14) 50(6) 17(10) 44 48
Stress Site 56(15) 34 (22) 49(14) 17 (20) 92 68
Indian River
Boat Ramp 35(8) 24 (14) 53(11) 32(13) 60 48
Jim Island 43(10) 26(14) 43(12) 18(23) 32 72
Round Island 38(14) 23(19) 48(9) 14 (13) 34 76
Charlotte Harbor
Catfish Creek 39(13) 27(11) 46 (11) 21(9) 176 136
Cape Haze In 56(13) 14(13) 52(10) 1(4) 140 104
Cape Haze Out 48(13) 31(11) 60(11) 41(9) 88 60

Sandfly Key 43(12) 25(11) 43(9) 22(14) 124 84




TABLE 8. TOTAL AND GREEN LEAF AREA OF THALASSIA TESTUDINUM AT SEAGRASS STRESS STUDY SITES. Leaf area index
(cm2 btade area per nF bottom is based on measurement of only one side of a blade. Data are

means (standard deviation).

BLADE AREA PER SHOOT (cmz)

LEAF AREA INDEX (one-sided)

SPRING SUMMER SPRING SUMMER
SITE GREEN TOTAL GREEN TOTAL GREEN TOTAL GREEN TOTAL

Tampa Bay

Control Site —-- - 175¢105) 295(153) 3.27(1.49) 5.54(2.09)

Sewage Site 199¢102) 2B87(150) 255(93) 398(137) 3.24(0.46) 4.66(0.59) 4.14(0.48) 6.46(0.024)

Stress Site 261¢116) 390(166) 127(51) 221(68) 14.4 B.4 5.72 9.96
Indian River

Boat Ramp 86(39) 207(&3) 45(12) 7¢017) 1.72¢0.26) 4.14(0.28) 1.35 2.37

Jim Island &13¢155 751(228) 17(8) 39¢14) 8.77¢6.14) 16.0¢11.7) 0.81 1.84

Round Island 224(86) 611(730) 67(16) 118(28) 10.1 7.5 3.36 5.92
Charlotte Harbor

Catfish Creek 46¢17) 109(2D) 63(18) 127(42) 5.08 12.0 5.54 11.1

Cape Haze In 40(¢16) 67¢42) 83(39)  144(72) 3.57 6.02 3.20¢0.085) 5.57¢0.34)

Cape Haze Out 34(18) 67(37) 116(52) 183(102) 1.96 3.85 2.75(0.84) 4.34(1.03)

Sandfly Key 79(32) 164(54) 179(50) 364(128) 6.30 B.1 5.16¢0.55) 10.5¢2.86)




TABLE 9. GROWTH RATES OF THE NEWEST BLADES IN EACH THALASSIA
SHORTSHOOT. Data are means (std. dev.) in millimeters per

day.
SPRING SUMMER
MEAN MAXIMUM MEAN MAXIMUM
SITE GROWTH GROWTH GROWTH GROWTH
RATE RATE . RATE RATE

TAMPA BAY

Control Site —— -—— 225.3(48.1) 289.1
Stress Site 77.2(52.9) 177.8 132.0(54.8) 204.7
Sewage Site —_— - 173.5(98.2) 460.1

INDIAN RIVER

Jim Island 119.0(75.2)  225.1 - -
Boat Ramp 92.3(32.8)  147.0 54.3(23.1) 87.4
Round Island 123.0(49.0)  211.8 88.1(13.4) 108.1

CHARILOTTE HARBOR

catfish Creek 53.8(24.1)  113.3 85.8(28.7) 169.5
Sandfly Key 88.7(56.2) 291.5 146.6(38.0) 288.0
Cape Haze 50.4(33.5) 125.0 60.6(27.0) 112.5




TABLE 10. GROWTH RATES OF THALASSTA SHORT SHOOTS. Data are means
(std. dev.) expressed as the sum, in millimeters per day,
of all the blades in a short shoot.

SPRING SUMMER
MEAN MAXIMUM MEAN MAXIMUM
SITE GROWTH GROWTH GROWTH GROWTH
RATE RATE RATE RATE
TAMPA BAY
Control Site ——— - 269.8(126.8) 598.0
Stress Site 76.4(114.7) 290.2 156.6(90.0)  263.5
Sewage Site —-—— —— 203.5(188.4) 769.1
INDIAN RIVER
Jim Island 144.4(348.7) 1102.0 - —-——
Boat Ramp 141.5(78.5) 252.0 71.0(71.2) 172.6
Round Island 498.9(259.9) 855.6 125.3(33.6) 174.8
CHARIOTTE HARBOR
Catfish Creek 81.0(64.2) 219.9 108.2(64.5) 306.0
Sandfly Key 136.3(102.8) 478.1 184.8(116.7) 603.0
Cape Haze 61.5(43.7)  141.7 68.9(54.2) 202.5




TABLE 11. SEASONAL AND DIURNAL VARIATION IN RHIZOME OXYGEN CONTENT IN
FOUR ESTUARIES. Data are percent of total gas volume.

SPRING SUMMER
SITE DAY NIGHT DAY NIGHT
Charlotte Harbor
Catfish Creek ' 36.6 (1.7) 5.8 (1.3) 32.2 (1.6) 4.3 (1.9)
Sandfly Key 40.1 (7.5) 11.4 (0.6) 38.1 (3.8) 26.5 (49.0)
Cape Haze 38.5 (1.4) 3.2 (1.0) 27.1 (22.0) 6.2 (4.5)
Indian River
Round Island 27.5 (1.8) 1.6 (0.5) 16.1 (2.1) 4.1 (2.4)
Boat Ramp 42.3 (4.3) 2.6 (0.4) 37.8 (4.4) 9.3 (4.5)
Jim Island 34.3 (6.6) 5.3 (0.8) 15.8 (1.8) 4.1 (0.8)
Tampa Bay
Control Site 31.4 (4.6) 13.7 (3.6) 37.7 (2.1) 2.0 (4.2)
Sewage Site 38.7 (2.5) 7.1 (4.1) 37.5 (1.6) =-0.9 (0.7)
Stress Site 35.6 (4.3) 5.1 (1.7) 33.4 (12.5) =-0.7 (1.9)
Florida Bay
Dieback 32.1 (9.3) 16.3 (10.5)

Healthy 26.5 (3.5) 10.6 (5.0)




Data are volume

percent oxygen (x= mean, s= std. dev.) in gas spaces of rhizome
N for most data is 3 in March samples, and 6 for others.

SEASONAL AND DIURNAL VARIATION IN THE RHIZOME OXYGEN CONTENT OF

THALASSTA TESTUDINUM AT THREE SITES IN TAMPA BAY.
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TABLE 13 a. VARIATION OF GLUTAMIC ACID AND GLUTAMINE CONCENTRA-

] TIONS (ug/GDW) IN THATL.ASSTIA RHIZOMES.
GLUTAMIC ACID GLUTAMINE
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT
Tampa Bay
Control Site 7.32 16.11 27.22 8.29 17.54 52.65 38.75 5.24
Stress Site 7.39 14.39 6.09 17.57 18.54 13.29 3.81 21.48
Sewage Site 5.03 8.66 25.85 7.85 18.27 13.74 36.17 7.08

Indian River

Jim Island 6.19 13.13 6.87 22.01
Boat Ranp 19.73 20.27 22.68 40.86
Round Island 12.16 9,92 22.18 6.78

Charlotte Harbor

Catfish Creek 4.71 6.64 14.60 6.26 4.51 16.16 24.73 4.53
Cape Haze 3.90 5.55 13.90 14.58 2.51 5.45 7.44 16.33
Haze Bar 8.22 7.45 8.96 5.17

Sandfly Key 10.13 5.22 8.83 5.31 12.81 4.13 11.78 2.89

Florida Bay

Healthy Site 5.91 5.90 4.41 4.34
Die Back Site 11.23 5.53 10.59 4.87




TABLE 13 b. VARIATION OF ALANINE AND G-AMINO BUTYRIC ACID CONCENTRATIONS
(ug/GDW) IN THALASSIA RHIZOMES.

ALANTNE G-AMINO BUTYRIC ACID
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tampa Bay

Control Site 8.79 13.55 31.52 12.28 3.96 9.61 23.99 9.58

Stress Site 9.68 15.34 7.16 22.13 10.86 13.64 10.97 31.03

Sewage Site 11.03 2.61 49,94 22.25 13.50 19.11 31.92 15.59
Indian River

Jim Island 20.80 42.58 9.52 26.19

Boat Ramp 47.09 56.05 20.32 33.78

Round Island 23.09 23.00 30.97 10.12
Charlotte Harbor

Catfish Creek 5.40 11.89 16.16 9.46 8.92 20.57 44.06 9.62

Cape Haze 3.81 12.59 18.90 33.86 6.42 12.91 7.78 48.49

Haze Bar 7.13 3.04 7.62 7.86

Sandfly Key 20.03 8.10 14.91 8.71 27.29 15.65 23.52 6.12
Florida Bay

Healthy Site 5.30 7.51 2.17 9.46

Die Back Site 15.86 9.53 19.03 15.76




TABLE 13 c. VARIATION OF TAURINE AND ASPARTIC ACID CONCENTRATIONS (ug/GDW)
IN THALASSIA RHIZOMES.

TAURINE ASPARTIC ACID )
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tampa Bay

Control Site 0.75 0.85 2.86 1.29 4,03 6.27 7.43 5.02

Stress Site 0.84 0.76 1.00 0.80 4.60 5.05 5.72 8.02

Sewage Site 1.12 4.08 3.25 1.83 3.92 5.99 9.19 13.37
Indian River

Jim Island 1.46 1.94 10.38 7.74

Boat Ramp 6.53 4.31 13.49 12.21

Round Island 5.24 3.37 10.13 6.09
Charlotte Harbor

Catfish Creek 1.61 1.09 2.26 2.62 5.06 6.85 12.21 6.09

Cape Haze 0.99 1.10 2.74 1.15 4,96 3.79 9.76 39.08

Haze Bar 1.44 2.13 4.94 7.52

Sandfly Key 1.46 1.10 1.34 0.88 7.08 5.52 7.11 2.79
Florida Bayvy

Healthy Site 0.46 0.19 7.23 5.93

Die Back Site 0.05 0.00 7.83 4.37




TABLE 13 d. VARIATION OF ISOLEUCINE ACID AND LEUCINE CONCENTRATIONS (ug/GDW)
IN THALASSIA RHIZOMES.

ISOLEUCINE LEUCINE .
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY _ NIGHT DAY NIGHT

Tampa Bay

Control Site 0.90 1.38 3.32 0.72 0.34 0.63 2.11 0.78

Stress Site 0.70 3.86 3.53 4.70 0.52 1.51 0.83 8.50

Sewage Site 0.70 3.86 3.53 4.70 0.52 1.52 0.83 8.50
Indian River

Jim Island 1.19 2.74 0.81 1.65

Boat Ramp 4.14 6.07 0.92 1.21

Round Island 3.20 1.59 1.04 0.52
Charlotte Harbor

Catfish Creek 0.00 0.09 3.51 1.82 2.28 2.43 0.78 0.00

Cape Haze 0.00 0.00 0.15 4.55 2.23 1.68 0.51 1.90

Haze Bar 0.00 0.00 2.61 0.00

Sandfly Key 0.00 0.00 1.49 0.00 0.27 0.00 1.14 0.00
Florida Bay

Healthy Site 2.00 2.36 0.63 0.70

Die Back Site 3.08 2.39 1.58 0.94




LII S I S BaE N N N I IR BN N EE O EE BT EE S - ES

TABLE 13 e. VARIATION OF CITRULLINE AND VALINE CONCENTRATIONS (ug/GDW)
IN THATLASSIA RHIZOMES.

CITRINE VALINE )
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tampa Bay

Control Site 0.00 0.00 2.47 0.47 2.95 2.93 9.15 1.61

Stress Site 0.00 0.00 0.79 2.27 2.34 6.90 2.38 6.15

Sewage Site 0.00 0.00 3.12 1.32 2.05 4.67 6.18 2.97
Indian River

Jin Island 0.55 1.26 2.00 4.08

Boat Ramp 1.19 2.46 4.53 7.24

Round Island 2.25 0.76 3.98 l1.69
Charlotte Harbor

Catfish Creek 0.00 0.00 2.26 0.00 2.41 3.08 3.95 1.88

Cape Haze 0.00 0.00 0.00 2.32 2.17 1.62 2.83 5.72

Haze Bar 0.00 0.00 2.47 0.55

Sandfly Key 0.00 0.00 0.86 0.35 4.11 1.54 3.14 0.84
Florida Bayv

Healthy Site 0.00 0.00 1.60 2.07

Die Back Site 0.76 0.00 6.49 4.19




TABLE 13 £. VARIATION OF PHENYLALANINE AND B-ALANINE CONCENTRATIONS (ug/GDW)
IN THAILASSIA RHIZOMES.

PHENYLALANINE B-ALANINE
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tampa Bay

Control Site 0.21 0.32 1.32 0.42 0.68 1.19 1.99 1.09

Stress Site 0.37 0.67 0.35 1.31 1.01 1.42 0.75 1.82

Sewage Site 0.22 0.60 1.51 0.63 1.92 2.03 2.46 1.44
Indian River

Jim Island 0.55 0.90 1.19 1.76

Boat Ramp 0.18 0.17 2.40 1.60

Round Island 0.46 0.23 2.35 1.45
Charlotte Harbor

Catfish Creek 0.00 0.00 0.31 0.00 0.86 1.91 1.78 0.51

Cape Haze 0.00 0.00 0.45 0.63 0.52 0.65 2.22 2.29

Haze Bar 0.00 0.00 0.65 1.14

Sandfly Key 0.46 0.00 0.50 0.06 3.59 1.18 1.55 0.67
Florida Bay

Healthy Site 0.38 0.59 0.00 0.00

Die Back Site 0.96 0.38 0.00 0.00




TABLE 13 g. VARIATION OF THREONINE AND SERINE CONCENTRATIONS (ug/GDW)
IN THALASSTA RHIZOMES.

THREONINE SERINE
SPRING SUMMER SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tanpa Bay

Control Site 1.91 3.76 5.07 1.72 3.42 5.70 5.68 2.41

Stress Site 2.47 14.39 6.09 17.57 18.54 13.29 3.81 21.48

Sewage Site 2.24 4.05 5.56 6.74 3.88 6.21 7.81 8.69
Indian River

Jim Island 2.33 4.28 2.71 5.21

Boat Ramp 5.49 6.87 6.77 8.99

Round Island 7.00 2.73 5.59 2.77
Charlotte Harbor

Catfish Creek 2.16 3.52 4.00 1.22 2.58 3.51 4.91 2.18

Cape Haze 1.32 1.83 3.89 5.78 1.36 2.18 4.65 6.41

Haze Bar 2.76 0.92 2.64 1.22

Sandfly Key 4.35 1.42 2.79 0.73 10.34 3.26 3.72 1.36
Florida Bay

Healthy Site 1.07 1.30 1.01 1.29

Die Back Site 3.50 2.25 3.99 2.38




TABLE 13 h. VARIATION OF ORNITHINE AND ARGININE CONCENTRATIONS (ug/GDW)
IN THATASSTA RHIZOMES.

ORNITHINE ARGININE
SPRING SUMMER : SPRING SUMMER
SITE DAY NIGHT DAY NIGHT DAY NIGHT DAY NIGHT

Tampa Bay

Control Site 0.00 0.19 3.81 5.80 10.70 11.08 74.38 4,27

Stress Site 0.40 0.00 10.49 9.08 8.73 13.98 11.28 57.85

Sewage Site 0.18 0.42 6.22 8.20 3.55 6.24 68.11 41.93
Indian River

Jim Island 0.00 0.00 6.12 31.43

Boat Ramp 4,96 10.00 27.60 52.79

Round Island 0.00 0.00 6.12 31.43
Charlotte Harbor

Catfish Creek 0.00 0.00 10.00 11.56 14.67 53.47 58.94 4.40

Cape Haze 0.00 1.08 7.39 4.40 1.78 11.58 31.70 657.26

Haze Bar 0.00 3.78 6.91 7.49

Sandfly Key